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Gene targeting of a member of small leucine-rich
repeat proteoglycans demonstrates that collagen
®brillogenesis is mediated by a set of extracellular
matrix components, which interact with collagen.
Collagen-associated protein dermatopontin knockout
mice were generated in order to analyze the biologic
involvement of dermatopontin in the formation of
collagen ®brils. Although dermatopontin-null mice
did not exhibit any obvious anatomical abnormality,
skin elasticity was increased. Skin tensile tests
revealed that the initial elastic modulus was 57%
lower in dermatopontin-null mice than in wild-type
mice, and that maximum tensile strength was
similar. Remarkably, light microscopy study showed
a signi®cant decrease in the relative thickness of the
dermis in dermatopontin-null mice compared with
wild-type mice (45.2 6 3.09% and 57.8 6 4.25%,
respectively). The skin collagen content was 40%
lower in dermatopontin-null than in wild-type mice.
Collagen ®brils in dermatopontin-null mice showed
a great variety in diameter and irregular contours
under the electron microscope. These data indicate
that dermatopontin plays a critical role in elasticity
of skin and collagen accumulation attributed to
collagen ®brillogenesis in vivo. Key words: knockout-
out/extracellular matrix/mice/Ehlers-Danlos Syndrome/
skin elasticity. J Invest Dermatol 119:678±683, 2002
C
ollagen is one of the most abundant molecules of
interstitial components, and forms supramolecular
assemblies with other extracellular matrix proteins
(Linsenmayer, 1991; Kucharz, 1991). Each collagen
molecule is a triple helix composed of three
individual chains utilizing repeats of the triple amino acid unit
Gly-X-Y (X, frequently proline; Y, frequently hydroxyproline).
After secretion from cells, collagen molecules assemble into
collagen ®brils in a quarter-staggered arrangement, resulting in
repeating 67 nm periodicity under electron microscopy. A set of
extracellular molecules, called ``®bril associated molecules'', has
been copuri®ed with collagen from tissues. Some of these
molecules are implicated in the regulation of collagen ®brillo-
genesis. Leucine-rich repeat proteoglycans (LRR PGs) bind to
collagen ®brils and are crucial for correct ®bril formation. Decorin
(Vogel et al, 1984), lumican (Rada et al, 1993), and ®bromodulin
(Hedbom and Heinegard, 1993) all interact with ®brillar collagens
and markedly retard ®bril formation in vitro. In addition to these
LRR PGs, collagen V has been implicated in the limitation of
collagen ®bril diameter (Mao and Bristow, 2001).
Recently, the biologic functions of these LRR PGs were
con®rmed in the mouse by gene targeting of decorin (Danielson
et al, 1997), lumican (Chakravarti et al, 1998), and ®bromodulin
(Svensson et al, 1999). The LRR PGs-null mice showed skin
fragility and abnormal arrangement of collagen ®brils. The
knockout of the matricellular protein thrombospondin 2 also
showed abnormal collagen ®brils in skin and tendon (Kyriakides et
al, 1998). Thrombospondin-2-null ®broblasts have been shown to
lead to increased matrix metalloproteinase 2 levels and this
alteration may cause reduced cell±matrix interaction and abnormal
collagen ®bril formation (Yang et al, 2001).
Dermatopontin (DPT) (Yang et al, 2000), originally identi®ed as
a decorin-associated molecule, is widely distributed in extracellular
matrix of the whole body (Forbes et al, 1994). We showed that
DPT interacted with the decorin, but not with dermatan, sulfate
chain (Okamoto et al, 1996). DPT promotes cell attachment and
cytoplasmic spreading of dermal ®broblasts where, it is assumed,
adhesion activity is mediated by cell surface integrin receptors
(Lewandowska et al, 1991). Furthermore, addition of puri®ed DPT
accelerated collagen ®bril formation in vitro (MacBeath et al, 1993).
Therefore, we expected DPT to be involved in the process of
collagen ®brillogenesis in vivo.
We generated DPT-null mice by gene targeting in order to
investigate this hypothesis. Here we show that null mutation of the
DPT gene leads to increased skin elasticity, decreased accumulation
of collagen matrices, and abnormal collagen ®brils in skin.
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MATERIALS AND METHODS
Construction of the targeting vector and generation of chimeric
mice A human Dpt cDNA was used to isolate several overlapping
genomic clones from a genomic mouse 129/Sv library that were isogenic
to the embryonic stem cells. The HindIII fragment located upstream of
an ATG start codon and the XbaI±NsiI fragment located downstream of
exon 1 were subcloned into pSP72 (Promega, Madison, WI). Then a
neomycin-resistance gene expression cassette, MC1neoPolyA (Stratagene,
La Jolla, CA), was ligated between the fragments in a reverse orientation
to the endogenous Dpt transcription. Finally, a pGK-TK cassette was
cloned into the XhoI site of pSP72 to yield the targeting vector
(Fig 1A). The targeting vector was linearized with XhoI and introduced
into embryonic stem cells (R1 cells) by electroporation. Neomycin-
resistant embryonic stem cell clones were selected by G418 and
gancyclovir, and resistant clones were picked up typically 9±10 d later.
Homologous recombinants were con®rmed by southern blotting.
Genomic DNA was isolated and digested with Sac I, and southern blots
were hybridized with the 5¢ ¯anking probe (probe A) as shown in
Fig 1(A). Three individually targeted clones were used to generate
chimeric mice by the aggregation method as described in an earlier
report (Nagy et al, 1993). The resulting males were backcrossed with
C57BL/6 females, and germ-line transmission in F1 Dpt 6 mice was
veri®ed by southern blotting. Genotyping of the F2 mice was performed
by Polymerase chain reaction (PCR) analysis of tail genomic DNA. The
following primers were used: DP-U, 5¢-AAAAAGAATCCAGGC-
ACCTA-3¢; DP-L, 5¢GGTTAAGATTCACCCATCCA-3¢; and Neo-L,
5¢-GCCGAGAAAGTATCCATCAT-3¢. The DP-U and DP-L pair
ampli®es an endogenous 0.6 kb fragment, and the DP-U and Neo-L pair
ampli®es a 0.9 kb fragment from the recombined mutant allele. The
three primers were used together at an annealing temperature of 60°C.
Reverse transcription PCR (RT-PCR) and immunoblotting Total
RNA was isolated from mouse tail with Trizol reagent (Gibco BRL,
Gaithersburg, MD) and reverse transcribed with Superscript II (Gibco
BRL). Primers for the murine Dpt gene were mDP1 and mDP2, which
amplify a 636 bp cDNA of murine Dpt under accession number
9789942 (GenBank). These primers were used at an annealing
temperature of 58°C. Control primers from murine b-actin, Act1 and
Act2, were used at the same annealing temperature. The following
primers were used: mDP1, 5¢-ATGGACCCTCACTCTTCTGTGG-3¢;
mDP2, 5¢-CCTTCACCCGGACTTCTGTA3¢; Act1, 5¢-GAGAGG-
GAAATCGTGCGTGA-3¢; and Act2, 5¢-ACATCTGCTGGAAGG-
TGGAC-3¢.
Proteins were extracted from tails as previously described (Forbes et al,
1994). After 48 h extraction at 4°C, the homogenates were centrifuged,
and the supernatants were dissolved in sodium dodecyl sulfate (SDS)
polyacrylamide gel electrophoresis sample buffer and then separated on a
12% SDS-polyacrylamide gel. Proteins were transferred to Hybond P
(Amersham Pharmacia Biotech) ®lters and detected with a rabbit
antiserum to bovine DPT (Okamoto et al, 1999). The antigen±antibody
complexes were detected with an ECL kit (Amersham Pharmacia
Biotech).
Light microscopy studies Tissues were ®xed in 10% buffered
formaldehyde and processed for light microscopy. After ®xation, the
samples were embedded in paraf®n. Sections 4 mm thick were cut and
stained with hematoxylin and eosin or Azan, according to standard
procedures. Skin specimens were prepared from the shaved middle dorsal
skin of 3-mo-old mice. The thickness of the dermis and the full layer of
skin including the epidermis, dermis, adipose tissue, and muscle were
assessed in a low power ®eld (3100) using an ocular micrometer. The
thickness of the skin varied, even in the same specimen. Therefore, the
relative thickness of the dermis was obtained by dividing the thickness of
the dermis by that of the full layer of skin.
Collagen assay Total collagen content was determined by assaying
total soluble collagen with a Sircol Collagen Assay Kit (Biocolor,
Northern Ireland) according to the manufacturer's instructions. Brie¯y,
defatted dry skin specimens were prepared from the middle dorsal region
from 3-mo-old mice and homogenized in 10 ml of 0.5 M acetic acid
containing 1 mg pepsin per 10 mg tissue residue. Each sample was
incubated for 24 h at 4°C with stirring. After centrifugation, 100 ml of
each supernatant was assayed. One milliliter of Sircol dye reagent that
binds to collagen was added to each sample and the solutions were
mixed for 30 min. After centrifugation, the pellet was suspended in 1 ml
of the alkali reagent included in the kit and read at 540 nm with a
spectrophotometer. Collagen standard solution was utilized to construct a
standard curve. Total skin collagen content was also determined by
assay of skin hydroxyproline content after hydrolysis in 6 N HCl as
previously described (Kivirikko et al, 1967). The amount of
hydroxyproline in the hydrolysates was assessed colorimetrically at
560 nm with p-dimethylaminobenzaldehyde.
Synthesis of collagen by culture ®broblasts Primary skin ®broblasts
were isolated by explant culture from the back of 2-mo-old mice. The
®broblasts were grown in 10 cm cell culture dishes with Dulbecco's
modi®ed Eagle's medium containing 10% fetal bovine serum, 2 mM L-
glutamate, 100 U per ml penicillin G, 100 mg per ml streptomycin, and
50 mg per ml ascorbic acid at 37°C in 5% CO2±95% air. The ®broblasts
were maintained at subcon¯uent densities and used between passages 3
and 6. When the cells had reached con¯uence, the medium was replaced
with Dulbecco's modi®ed Eagle's medium supplemented with 5% fetal
bovine serum and 50 mg per ml ascorbic acid, and incubated for 24 h.
The synthesized collagen was determined using the Sircol Collagen Assay
Kit (Biocolor).
Skin tensile test Two rectangular samples, 6±9 mm wide and 40 mm
long, were prepared from the dorsal skin of 2-mo-old mice. The long
axis of the sample coincided with the superior±inferior direction on the
Figure 1. Targeted disruption of the Dpt gene and generation of
DPT-null mice. (A) Targeting strategy. Schematic representation of the
Dpt locus, targeting vector, and recombination at the Dpt locus. Correct
targeting should replace the 0.6 kb HindIII±KpnI segment containing
exon 1 (®lled box, not to scale) with the 1.1 kb MCI neo cassette for
positive selection. A 5¢ probe (probe A) was used to detect the targeted
allele of 4.5 kb in contrast with the wild-type allele of 4.0 kb. H,
HindIII; K, KpnI; S, SacI; X, XbaI. (B) Southern blot analysis of tail
DNA from a Dpt+/+ mouse (lane 1), Dpt+/± mouse (lane 2), and
Dpt±/± mouse (lane 3). (C) PCR analysis of offspring from heterozygous
mating. The pattern of 0.6 and 0.9 kb bands indicates that the animal
analyzed in lane 1 is Dpt+/+, that in lane 2 is Dpt+/±, and that in lane 3
is Dpt±/±. (D) RT-PCR analysis of RNA from the tail tissues. Note the
lack of Dpt transcripts in the Dpt±/± mice (lanes 2, 3, 5) in contrast with
the Dpt+/+ mice (lane 1) and the Dpt+/± mice (lane 4). (E)
Immunoblot analysis of protein (100 mg) extracted from the tail tissues
by means of anti-DPT antiserum. Note the presence of the 22 kDa
protein in the Dpt+/+ mice (lanes 1±4) and the Dpt+/± mice (lane 9),
whereas no immunoreactive material was detected in the Dpt±/± mice
(lanes 5±8).
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mouse. The samples were stretched to failure at a constant rate of
20 mm per min with a tensile tester (AGS-500ND, Shimadzu, Kyoto,
Japan) in air at room temperature to obtain their load±deformation
curves. The specimens were kept wet throughout the test by spraying
the surface with physiologic saline. The load±deformation curves were
then converted into true stress±strain curves as follows. True stress was
obtained by dividing the load by the instantaneous cross-sectional area,
which was calculated from the width and the thickness of each specimen
before stretching, assuming its incompressibility. Strain was obtained by
normalizing the length of the specimen by that before stretching. Tensile
strength was de®ned as the maximal stress at failure. The initial elastic
modulus, which is the ratio of stress to strain, was calculated as the initial
slope of the stress±strain curve.
Transmission electron microscopy For electron microscopy, four
female mice, weighing approximately 20 g, were used. Two mice were
DPT-null and the other two wild-type littermates. The animals were
perfused through the left ventricle with 5 ml of phosphate-buffered
saline following 50 ml of 0.2% picric acid and 4% paraformaldehyde in
0.1 M phosphate buffer (pH 7.4, Zamboni's ®xative) under anesthesia.
Pieces of skin removed from the back region were immersed in the same
®xative for 4±6 h at 4°C, washed with 0.1 M phosphate buffer (pH 7.4),
and post®xed with 1% osmium tetroxide 0.1 M phosphate buffer for 1 h
at 4°C. Specimens were dehydrated with a graded series of ethanol and
embedded in epoxy resin. Ultrathin sections were cut, stained with 2%
uranyl acetate and Raynolds' lead citrate, and examined with an electron
microscope (Hitachi model H-8100, Hitachi, Tokyo, Japan). Thirty-
eight and 32 electron micrographs showing cross-sectional pro®les of
collagen ®brils were taken from wild-type and DPT-null mice,
respectively. All micrographs were taken in the deep dermis, or reticular
dermis, over 150 mm away from the epidermal±dermal junction, because
®bril diameters varied at the speci®c region of the dermis. Collagen
®brils in transverse sections were photographed at 54,000 and enlarged to
200,000. All the pro®les were nearly circular and the lesser diameter was
measured directly with a rule. Diameters of 1011 and 1004 ®brils
consisting of collagen bundles were measured for wild-type and DPT-
null mice, respectively.
RESULTS
Generation of DPT-null mice The Dpt gene was disrupted by
homologous recombination in R1 embryonic stem cells, using a
neomycin resistance cassette with a targeting vector interrupting
the coding sequence in exon 1 (Fig 1A). We identi®ed ®ve
correctly targeted clones out of 144 clones by southern blotting
with the 5¢ probe. Three of these were used to produce chimeric
mice by the aggregation method, and several male chimeras
transmitted the disrupted Dpt allele through the germline.
Intercrossing heterozygous mice generated homozygous mice.
The offspring were genotyped by either southern blotting (Fig 1B)
or PCR (Fig 1C) of tail DNA.
Viability of DPT-null mice The heterozygous mice
(129Sv 3 C57B6 mixed background) were mated to generate
the homozygous mice. When a total of 142 offspring of
heterozygous matings were genotyped, the expected standard
Mendelian ratio of 33±/±, 76+/±, and 33+/+ animals was
observed. DPT-null mice were born alive, grew to normal size,
and were fertile. Light microscopy examinations of heart, liver,
lung, kidney, and tail tendon did not reveal any signi®cant
abnormalities (data not shown). The absence of Dpt mRNA was
demonstrated by RT-PCR with speci®c primers for murine Dpt
(Fig 1D). The results obtained at the mRNA level were con®rmed
by the absence of DPT protein in tail extracts (Fig 1E). The level
of DPT in Dpt+/± mice was comparable to that in the wild-type
littermates.
DPT-null mice exhibited increased skin elasticity Although
DPT-null mice did not exhibit obvious anatomical abnormalities,
skin laxity was noted during routine handling of the mice. The skin
laxity was con®rmed by the skin tensile test (Fig 2). We measured
the tensile strength of freshly isolated dorsal skin samples from 2-
mo-old Dpt±/± mice (n = 4) and age-matched Dpt+/+ littermates
(n = 4). The breaking point of Dpt±/± skin was comparable to that
of the control (Fig 2A). The initial elastic modulus, however,
which was calculated as the initial slope of the stress±strain curve,
was distinctly decreased in DPT-null mice. The modulus of Dpt±/±
skin [0.048 6 0.008 MPa (SEM)] was 57% (p < 0.05) lower than
the modulus of Dpt+/+ skin [0.113 6 0.031 MPa (SEM)]. The
lower value of the initial elastic modulus probably re¯ects the loose
skin in DPT-null mice.
Decreased collagen accumulation and relative thickness of
dermis in DPT-null mice Azan-stained cross-sections of dorsal
skin apparently showed that dermal thickness in Dpt±/± mice
decreased (Fig 3A). The relative thickness of dermis was measured
and demonstrated a signi®cant decrease of the dermis thickness in
Dpt±/± mice compared with age-matched Dpt+/+ littermates
[Fig 3B, Dpt+/+, 57.8 6 4.25% (SEM), n = 8; Dpt±/±,
45.2 6 3.09% (SEM), n = 8, p < 0.05]. Accordingly, the relative
thickness of subcutaneous adipose tissue increased in Dpt±/± mice.
In contrast, Dpt+/± mice showed no such structural changes in skin
(data not shown). The relative decrease of dermis did not show any
associated morphologic changes or changes in the number of
appendages of skin, i.e., hair follicles, sebaceous glands, blood
vessels, and muscles. Subcutaneous adipose tissue increased not only
in volume, however, but also in terms of cell number (data not
shown). We do not yet know whether the increase in subcutaneous
adipose tissue cells in Dpt±/± skin is a compensatory phenomenon
or a direct effect of DPT de®ciency.
The soluble collagen content was remarkably decreased in
Dpt±/± mice compared with that in Dpt+/+ mice littermates
[Fig 2C, left panel, Dpt+/+, 732.3 6 60.6 mg per mg of dry
weight (SEM), n = 3; Dpt±/±, 418.1 6 9.0 mg per mg of dry
weight (SEM), n = 3; p < 0.01]. Further, a decrease of collagen in
Dpt±/± skin was con®rmed by measurement of hydroxyproline
content [Fig 3C, left panel, Dpt+/+, 80.0 6 5.5 mg per mg of dry
weight (SEM), n = 3; Dpt±/±, 55.3 6 0.8 mg per mg of dry weight
(SEM), n = 3; p < 0.05]. Although collagen content was decreased
in the skin of Dpt±/± mice, dermal ®broblasts from Dpt±/± and
Dpt+/+ mice synthesized a comparable level of collagen in culture
medium (Fig 3D). RT-PCR also demonstrated a similar level of
murine COL1A1 mRNA in Dpt±/± and Dpt+/+ skin (data not
shown). These results, taken together, suggest the accelerated
degradation or impaired accumulation of collagen in the dermis of
Dpt±/± mice.
Abnormal collagen ®bril morphology in DPT-null
mice We used female mice for examining the effect of DPT
Figure 2. Skin tensile stress±strain measurements. The samples
were stretched to failure at a constant rate of 20 mm per min with a
tensile tester. Tensile strength was de®ned as the maximal stress at failure.
The initial elastic modulus, which is the ratio of stress to strain, was
calculated as the initial slope of the stress±strain curve. (A) Tensile
strength of Dpt+/+ and Dpt±/± mice (n = 4 for each genotype). (B)
Initial elastic modulus of Dpt+/+ and Dpt±/± mice. Note that the
average of the modulus of Dpt±/± skin was signi®cantly lower than that
of Dpt+/+ skin (p < 0.05). Means 6 SEM are graphed.
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on collagen ®bril formation in the deep dermis, because a number
of factors, including sex and extracellular components, have been
reported as candidates affecting ®bril formation (Tzaphlidou, 2001).
Abnormalities of collagen ®brils, consisting of increased diameter
and some irregular contouring of cross-sectional pro®les, were seen
in the deep dermis of Dpt±/± mice (Fig 4). The diameter of
Figure 3. Collagen analysis of middle dorsal
regions of skin. (A) Light microscopy study.
The sections were stained with Azan, with which
the connective tissue and collagens primarily stain
blue. Dpt±/± skin displayed thinner dermis than
Dpt+/+ skin. AT, subcutaneous adipose tissue;
Mu, muscle. Bar: 100 mm. (B) The relative
thickness of the dermis to the full layer of skin
was obtained from Dpt+/+ and Dpt±/± mice (n =
8 for each genotype). Dpt±/± mice showed a
signi®cant decrease of relative thickness of the
dermis (p < 0.05). (C) Total collagen content was
determined as soluble collagen as well as
hydroxyproline content from Dpt+/+ and Dpt±/±
skin (n = 3 for each genotype). Both soluble
collagen content (left panel) and hydroxyproline
content (right panel) of Dpt±/± skin were much
lower than those of Dpt+/+ skin (p < 0.01 and p
< 0.05, respectively). (C) Synthesis of collagen by
cultured ®broblasts from Dpt+/+ and Dpt±/±
mice. Collagen concentration in the culture
medium was similar for the two groups of mice.
Means 6 SEM are graphed.
Figure 4. Transmission electron micro-
graphy of collagen ®brils in the dermis.
Distribution of collagen ®bril diameters, as
measured in electron micrographs of dorsal skin
(A, B). Although the average diameters did not
differ signi®cantly between groups, the range and
distribution were different. Electron micrographs
showing the dermis of Dpt+/+ mice (C) and
Dpt±/± mice (D).The dermis contains a lot of
bundles of collagen ®brils. Bundles have a
tortuous course; however, some of them are cut
transversally. Collagen ®brils with a greater size
and an irregular pro®le are found in Dpt±/± mice
(D, arrow and arrowheads). Bar: 1 mm. Inset: Higher
magni®cation of a collagen ®bril with an irregular
pro®le found in (D) (arrow). Bar: 100 nm.
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collagen ®brils in the deep dermis was measured on electron
micrographs showing cross-sectional pro®les at a total
magni®cation of 110,000. Collagen ®brils in Dpt+/+ mice
littermates had an average diameter of 98 6 20 nm, ranging from
40 to 185 nm. In the case of Dpt±/± mice, the diameter of collagen
®brils increased to 102 6 26 nm and showed a wider range of
diameter, from 42 to 220 nm. Statistical analysis, however, did not
show any signi®cant difference between Dpt+/+ and Dpt±/± mice
(Fig 4A, B).
On electron microscopy examination of the deep dermis, it was
observed that the collagen ®brils got together to form bundles,
which were wavy and tortuous; however, the ®brils arranged rather
regularly within the bundles and were parallel to one another. All
collagen ®brils, belonging to the bundles cut transversely, were
photographed for measuring the diameters of individual ®brils. A
characteristic feature in the dermis of Dpt±/± mice was collagen
®brils of larger size and of irregular pro®le (Fig 4D, arrow and
arrowheads). In the dermis of Dpt+/+ mice, collagen ®brils showed
round contours in the cross-sectional pro®les and had various
diameters (Fig 4C).
DISCUSSION
DPT-null mice appear normal and are fertile. The mutant mice
show a distinct phenotype of skin, however. The skin of adult mice
has greater stretching capacity, as evidenced by increased elastic
modulus in a skin tensile test. To elucidate the causes of this
phenotype, we focused on changes in the architecture of DPT-null
skin. DPT-null mice displayed thinner dermis and decreased
collagen content in the skin. We examined the pepsin-soluble
collagens of the mutant mice, but there was no difference in soluble
collagen per total collagen ratio compared with that in the wild-
type mice (data not shown). In addition, the dermal collagen
component including types I, III, and V collagen revealed no
obvious change by SDS-polyacrylamide gel electrophoresis (data
not shown). It is likely that the loose packing of collagen ®brils and
their irregular morphology, as seen in Fig 4, may induce the
decreased collagen accumulation in the skin. Decorin-null mice
(Danielson et al, 1997) show dermal thinning and loose connective
tissue, similar to the features found in the skin of DPT-null mice.
This phenotypic similarity may suggest that both DPT and decorin
independently or coordinately regulate the accumulation of
collagen component in the dermis. We also examined glycosami-
noglycan (GAGs) in the skin by two-dimensional electrophoresis,
based on the fact that GAGs is one of the major components of the
extracellular matrix in the dermis. Although no difference in
sulfated GAGs content including dermatan sulfate and condroitin
sulfate was observed, an increase of hyaluronic acid (HA) was found
(data not shown). HA plays an important role in the de®nition and
maintenance of body shape and form (Lee and Spicer, 2000).
Therefore, DPT de®ciency may compensatorily increase HA
accumulation to ®ll the spaces between collagen ®brils by holding
water.
MacBeath and his coworkers (MacBeath et al, 1993) reported on
the effects of DPT on the formation of collagen ®brils in vitro. In
the absence of DPT, reconstituted ®brils were relatively larger and
had a wider range of diameters, from 40 to over 200 nm, than those
observed in the presence of DPT. Our ®ndings in this investigation
showed the same effects of DPT on ®bril formation by gene
targeting of DPT. In addition, we demonstrated that the mean
diameters of collagen ®brils in the deep dermis of DPT-null mice
are thicker and have a wider range of distribution than those in the
wild-type mice. The larger ®brils with irregular pro®les in the
dermis of DPT-null mice, which were not found in wild-type
mice, would derive from an incomplete aggregation of smaller
®brils. Judging from these results, DPT would also reduce the size
of collagen ®brils in the deep dermis in vivo.
Normal collagen molecules assemble in two directions (i.e.,
axially and laterally), to form collagen ®brils, which are large
enough to be identi®ed on ultrathin sections with an electron
microscope. Torre-Blanco and his coworkers (Torre-Blanco et al,
1992) proposed a ®bril growth model in which limitation of axial
growth would result in the generation of ®brils of increased
diameter through binding at the lower af®nity sites on the shaft of
collagen ®brils. A number of PGs affect collagen ®bril formation,
which has been studied extensively (Vogel, 1994). Although most
PGs delay the formation of collagen ®brils, DPT was observed to
accelerate ®bril formation when the kinetics of ®bril formation
were monitored by turbidity at 313 nm (MacBeath et al, 1993).
These ®ndings, taken together, suggest that DPT would accelerate
axial growth more extensively to form thinner ®brils in the deep
dermis. It is well documented that the ®brillar collagens can form
heterotypic ®brils to regulate the size of collagen ®brils in various
tissues, resulting in the organization of an extracellular architecture
(Adachi et al, 1991). Here, we propose that DPT may be involved
in the formation or maintenance of tissue integrity through its
interaction with collagen ®brils in the skin.
Although the relevant molecular mechanism has not been
studied in detail, the speci®c interaction of DPT and decorin has
been reported (Lewandowska et al, 1991; Okamoto et al, 1999).
Based on the ®nding that decorin is involved in collagen
®brillogenesis (Danielson et al, 1997), DPT may regulate collagen
®brillogenesis via modi®cation of decorin functions. The inter-
action of DPT and other ®bril-associated molecules such as LRR
PGs and type V collagen is an intriguing subject of study, and
further examination may contribute to an understanding of the
mechanisms of DPT involvement in collagen ®brillogenesis.
The phenotypic abnormalities observed in decorin- (Danielson et
al, 1997), lumican- (Chakravarti et al, 1998), ®bromodulin-
(Svensson et al, 1999), and thrombospondin-2- (Kyriakides et al,
1998) null mutant mice resemble phenotypes of Ehlers±Danlos
syndrome (EDS), showing characteristics such as skin laxity,
fragility, and collagen ®bril abnormalities. EDS patients showing
mutations in these genes have not yet been reported, however.
Molecular defects including type I, III, and V collagen described to
date are not suf®cient to explain the disease in many cases of EDS.
Therefore, the search for EDS genes has expanded beyond the
collagen genes. The matricellular protein tenascin-X (Burch et al,
1997) was recently recognized as a cause of classical EDS types I and
II. It is reasonable to suspect that genetic abnormality in ®bril-
associated proteins may be a cause of EDS. Therefore, we are
undertaking an investigation of the presence of abnormality of the
DPT gene in EDS patients, based on the hypothesis that DPT is a
potential candidate gene for EDS.
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